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(57) ABSTRACT 

A gas barrier laminate ?lm comprising a resin substrate on 
Which a gas barrier vapor deposition layer, and a gas barrier 
covering layer are laminated, Wherein the gas barrier covering 
layer is formed through the coating, and drying of a coating 
liquid comprising Si(ORl)4 or the hydrolyZates thereof, (R2Si 
(OR3)3)n or the hydrolyZates thereof (wherein R1 and R3 are 
individually CH3, C2H5 or C2H4OCH3, and R2 is an organic 
functional group) and a Water-soluble polymer having a 
hydroxyl group. 

10 Claims, 1 Drawing Sheet 
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GAS BARRIER LAMINATE FILM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation Application of PCT Application No. 
PCT/JP03/ 14935, ?led Nov. 21, 2003, Which Was published 
under PCT Article 21 (2) in Japanese. 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2002 
339115, ?led Nov. 22, 2002, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a gas barrier laminate ?lm 

Which is useful as a material for a package to be employed in 
the ?elds of foodstuffs and such non-foodstuffs as medicine 
and electronic articles, and in particular, to a gas barrier 
laminate ?lm Which is excellent in gas barrier properties so 
that it is capable of preventing oxygen or Water vapor in an air 
atmosphere from entering into the package, thereby making it 
possible to inhibit the deterioration or denaturing of the con 
tents of the package. 

2. Description of the Related Art 
In order to inhibit the denaturing of the contents of the 

package and hence to retain the functions and properties of 
the contents, a packaging material to be employed for pack 
aging foodstuffs and such non-foodstuffs as medicine and 
electronic articles is required to be such that it is capable of 
preventing the in?uence of gas such as oxygen, Water vapor 
and other kinds of gases Which permeate through the pack 
aging material and cause the denaturing of the contents of the 
package. Thus, the packaging material is required to have a 
suf?cient degree of gas barrier properties to block the perme 
ation of these gases. 

For this reason, there have been conventionally mainly 
employed, as a gas barrier layer, a resinous ?lm made of a 
polyvinyl alcohol/ethylene vinyl copolymer, polyvinylidene 
chloride, polyacrylonitrile, etc.; a coated plastic ?lm having a 
resin coating; or a metal foil made of aluminum for instance 
or a metalliZed ?lm formed of aluminum for instance. 
As for speci?c examples of the resinous ?lm, JP Patent No. 

2556940 for example discloses a laminate ?lm comprising a 
resin substrate and a covering layer Which is obtained through 
the polycondensation, by means of sol-gel method, of a com 
position comprising alkoxy silane such as Si(O4CH3)4, 
silane coupling agent such as epoxy silane, and polyvinyl 
alcohol. Since this covering layer is formed through hydrogen 
bond, this covering layer can be easily sWelled and dissolved 
as it is exposed to Water. Therefore, under severe conditions 
such as boiling or retort-treatment, the gas barrier properties 
of this covering layer can easily deteriorat. 
On the other hand, in the case of the metal foil and the 

metalliZed ?lm, although they are excellent in gas barrier 
properties, they are accompanied With problems that it is 
impossible to visually recogniZe the contents of the package 
through a packaging material, that it is impossible to use a 
metal detector on the occasion of examination of the contents 
of the package, and that they are required to be disposed as a 
noncombustible substance on the occasion of disposal. Fur 
ther, in the case of the gas barrier resin ?lm and the ?lm 
having a gas barrier resin coating, they are largely dependent 
on temperature and humidity so that they are incapable of 
retaining su?icient gas barrier properties. Furthermore, in the 
case of vinylidene chloride and polyacrylonitrile Which have 
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2 
been employed as a gas barrier resin, they may become a 
source of harmful substance on the occasion of disposal or 
incineration. 

Because of the aforementioned problems, there is pro 
posed, in JP Patent No. 2790054 for example, a gas barrier 
packaging material Which is formed of a laminate comprising 
a ?rst layer composed of a vapor deposition layer of an 
inorganic compound; and a second layer constituted by a gas 
barrier covering layer Which can be obtained from a process 
Wherein a coating agent comprising, as major components, 
(1) a Water-soluble polymer, and (2) I) at least one kind of 
metal alkoxide or metal alkoxide hydrolyZate, or II) an aque 
ous solution or Water/alcohol mixed solution containing tin 
chloride is coated and thermally dried to obtain the gas barrier 
covering layer. This gas barrier packaging material is excel 
lent in gas barrier properties, in Water resistance and in 
humidity resistance, and is more or less heat resisant. HoW 
ever, since the second layer of the gas barrier packaging 
material is formed of a hydrogen bond betWeen the metal 
alkoxide hydrolyZate and the Water-soluble polymer having 
hydroxyl group, When the gas barrier packaging material is 
employed as a packaging material Which is designed to be 
subjected to boiling treatment or retort steriliZation treatment, 
the covering layer is caused to sWell, raising the problem of 
deterioration of gas barrier properties. Even if the degree of 
deterioration of gas barrier properties is small, this kind of 
packaging material is not suited for use as a packaging mate 
rial Which is required to have very high gas barrier properties 
as in the case of the primary package for a transfusion liquid 
for instance. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is provided for solving the afore 
mentioned problems of the prior art, and therefore, one of the 
objects of the present invention is to provide a ?lm Which is 
excellent in transparency enabling contents in a package to be 
visually recogniZed, is capable of Withstanding the applica 
tion of a metal detector, is excellent in gas barrier properties 
under high temperatures and high humidities, can be used as 
a packaging material for boiling or retort treatment, and is 
capable of exhibiting optimal gas barrier properties as a pack 
aging material Without requiring the employment of a sub 
stance Which is harmful to the environment. 
A gas barrier laminate ?lm of the invention comprises a 

resin substrate; a gas barrier vapor deposition layer formed on 
the resin substrate and mainly containing an inorganic com 
pound; and a gas barrier covering layer formed on the gas 
barrier vapor deposition layer; Wherein the gas barrier cover 
ing layer is formed through the coating, heating and drying of 
a coating liquid Which comprises: one of materials selected 
from a silicon compound represented by a general formula of 
Si(ORl)4 . . . (1) and the hydrolyZates thereof; one of mate 
rials selected from a silicon compound represented by a gen 
eral formula of (R2Si(OR3)3)n . . . (2) and the hydrolyZates 
thereof (wherein R1 and R3 are individually CH3, C2H5 or 
C2H4OCH3; and R2 is an organic functional group); and a 
Water-soluble polymer having hydroxyl group. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a cross-sectional vieW illustrating one example of 
a gas barrier laminate ?lm according to the present invention; 

FIG. 2 is a cross-sectional vieW illustrating another 
example of a gas barrier laminate ?lm according to the 
present invention; 
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FIG. 3 is a cross-sectional vieW illustrating one example of 
a packaging material prepared by making use of a gas barrier 
laminate ?lm according to the present invention; and 

FIG. 4 is a cross-sectional vieW illustrating another 
example of a packaging material prepared by making use of a 
gas barrier laminate ?lm according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A gas barrier laminate ?lm according to the present inven 
tion comprises a resin substrate having a pair of major sur 
faces, at least one of the major surfaces is deposited With a 
laminate comprising a gas barrier vapor deposition layer con 
taining an inorganic compound, and a gas barrier covering 
layer, Wherein the gas barrier covering layer is formed 
through the coating, heating and drying of a coating liquid 
comprising: 

i) at least one of materials selected from a silicon com 
pound represented by a general formula of Si(ORl)4 . . . (l) 
and the hydrolyzates thereof; 

ii) at least one of materials selected from a silicon com 
pound represented by a general formula of (R2Si(OR3)3)n . . . 
(2) and the hydrolyzates thereof (wherein R1 and R3 are indi 
vidually CH3, CZH5 or C2H4OCH3; and R2 is an organic 
functional group); and 

iii) a Water-soluble polymer having a hydroxyl group. 
According to the present invention, since the gas barrier 

covering layer is composed of these three kinds of compo 
nents, it can be suf?ciently insolubilized. Since the (R2Si 
(OR3)3) of general formula (2) is capable, through the 
hydrolysis thereof, of forming a hydrogen bond With 
Si(ORl)4 of general formula (1) and also With the Water 
soluble polymer, it is possible to inhibit the generation of 
pores in the barrier layer. On the other hand, since the organic 
functional group is capable of creating a netWork, it is pos 
sible to prevent the sWelling of the Water-soluble polymer that 
may be generated due to the addition of Water to the hydrogen 
bond, thereby making it possible to greatly enhance the Water 
resistance of the ?lm. 

It shall be noted that “pores in the barrier layer” means 
portions Where gas can easily pass through Without forming a 
dense netWork in the ?lm. 

Further, since the gas barrier covering layer is formed on a 
substrate in combination With the gas barrier vapor deposition 
layer, it is possible to realize excellent gas barrier properties. 
Moreover, according to the present invention, even if an adhe 
sive coating layer or so-called primer layer or a specially 
treated layer is not interposed betWeen the substrate and the 
inorganic vapor deposition layer, it is possible to prevent 
deterioration in terms of oxygen permeability and laminate 
strength even after the boiling sterilization treatment or retort 
sterilization treatment. Additionally, it is possible, according 
to the present invention, to provide a laminate ?lm Which is 
capable of substantially preventing the peeling of the vapor 
deposition layer from the substrate, Which can be manufac 
tured at loW cost, and Which is excellent in practicability. 

FIG. 1 shoWs a cross-sectional vieW illustrating one 
example of a gas barrier laminate ?lm of the present inven 
tion. 
As shoWn in FIG. 1, this gas barrier laminate ?lm is con 

structed such that it comprises a resin substrate, on Which a 
transparent gas barrier vapor deposition layer 2 to be obtained 
from the deposition of aluminum oxide for instance and a gas 
barrier covering layer 3 are laminated, the gas barrier cover 
ing layer 3 being obtained through the coating and drying of 
a coating liquid comprising the aforementioned three com 
ponents, i.e. i), ii) and iii). 
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4 
Since the gas barrier vapor deposition layer 2 and the gas 

barrier covering layer 3 are laminated one upon another on the 
substrate 1, it is possible to realize excellent gas barrier prop 
er‘ties. 

Further, FIG. 2 shoWs a cross-sectional vieW illustrating 
one example of a gas barrier laminate ?lm of the present 
invention. As shoWn in FIG. 2, this laminate ?lm is formed 
With the same structure as that of the laminate ?lm shoWn in 
FIG. 1 except that a primer layer 4 comprising, for example, 
acrylic polyol, isocyanate and a silane coupling agent is inter 
posed betWeen the resin substrate 1 and the gas barrier vapor 
deposition layer 2. 

It is possible, through the provision of this primer layer 4, 
to obtain a stable and high adhesion betWeen the resin sub 
strate 1 and the gas barrier vapor deposition layer 2. 

Further, in the laminate ?lm shoWn in FIGS. 1 and 2, a heat 
seal layer may be laminated on the surface of the gas barrier 
covering layer 3, thereby making it possible to obtain a lami 
nate ?lm having practical and excellent properties as a pack 
aging material. 

R1 in the general formula (1) may be optionally selected 
from those represented by CH3, CZH5 and C2H4OCH3. 
Among them, it is more preferable to employ those Which are 
relatively stable in an aqueous solvent after the hydrolysis of 
tetraethoxy silane. 

Metal alkoxide is permitted to condense subsequent to the 
hydrolysis thereof, thereby forming a ceramic ?lm. HoWever, 
since metal oxide is hard and vulnerable to the generation of 
cracking due to the stress caused by volumetric contraction on 
the occasion of condensation, it Would be very dif?cult to 
form a thin, transparent and uniform condensed ?lm. 
Whereas, it is possible, through incorporation of a polymer, to 
form a ?lm of ?exible structure While preventing the genera 
tion of cracks. HoWever, even if it is possible, through the 
incorporation of a polymer, to form a uniform ?lm as vieWed 
visually, there Will be often recognized microscopically the 
separation of silicon or metal oxide from the polymer por 
tions, thus leading to the deterioration of gas barrier proper 
ties. 

It is possible, through the addition of a polymer to metal 
alkoxide, to form a ?lm of ?exible structure While preventing 
the generation of cracks. HoWever, even if it is possible, 
through the incorporation of a polymer, to form a uniform 
?lm When it is vieWed visually, there Will be often recognized, 
When it is vieWed microscopically, the separation of metal 
oxide from the polymer portions, thus often giving rise to the 
generation of pores in the barrier layer When the ?lm is 
employed as a gas barrier packaging material. Therefore, it is 
proposed to incorporate a polymer having hydroxyl group so 
as to make it possible to utilize a strong hydrogen bond 
betWeen the hydroxyl group of the polymer and the hydroxyl 
group of the hydrolyzate of metal alkoxide in suf?ciently 
dispersing the metal oxide among the polymer at the time of 
the condensation of the metal oxide, thus making it possible 
to realize a high degree of gas barrier properties Which is close 
to that of ceramics. Further, When this ?lm is superimposed 
on a vapor deposition layer of an inorganic compound, it is 
possible to obtain a laminate exhibiting much higher gas 
barrier properties, Water resistance and humidity resistance as 
compared With those to be derived from a monolayer consist 
ing one of these layers. HoWever, since a gas barrier covering 
layer comprising a mixture of metal alkoxide or the hydro 
lyzate thereof and a Water-soluble polymer having hydroxyl 
group is formed through hydrogen bond, it can easily sWell 
and be dissolved as it is exposed to Water. Even if it is possible 
to expect synergistic effects from the laminate structure of 
this covering layer With a vapor deposition layer, the gas 
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barrier properties Would be easily deteriorated under severe 
conditions such as boiling or retort treatment. 

Whereas, according to the present invention, it is possible 
to prevent the aforementioned swelling through the employ 
ment of a compound represented by the aforementioned gen 
eral formula (2). 

In the general formula (2), the organic functional group 
(R2) should preferably be constituted by a nonaqueous func 
tional group such as vinyl, epoxy, methacryloxy, ureido, iso 
cyanate, etc. Since the functional group of this nonaqueous 
functional group is hydrophobic, the Water resistance can be 
further enhanced. 

When the compound represented by the general formula 
(2) is a polymer, it should preferably be a trimer. More pref 
erably, it should be l,3,5-tris(3 -trialkoxysilylalkyl)isocyanu 
rate Which can be represented by the general formula: 
(NCOiR“Si(OR3)3)3 (Wherein R4 is (CH2)n, n is l or more). 
This compound is a condensation product of 3-isocyanate 
alkylalkoxy silane. 

Although the isocyanurate moiety of this l,3,5-tris(3-tri 
alkoxysilylalkyl)isocyanurate is not chemically reactive, the 
isocyanurate moiety is knoWn to exhibit a performance Which 
is similar to reaction on account of the polarity of the nurate 
moiety. Generally, it is knoWn that this l,3,5-tris(3-trialkox 
ysilylalkyl)isocyanurate is incorporated, as an adhesion 
improver, in an adhesive in the same manner as in the case of 
3-isocyanate alkylalkoxysilane. Therefore, When this 1,3,5 
tris(3 -trialkoxysilylalkyl)isocyanurate is incorporated in a 
Water-soluble polymer having Si(ORl)4 and hydroxyl group, 
it is possible to prevent a gas barrier laminate ?lm from being 
sWelled by Water due to hydrogen bond, thus making it pos 
sible to enhance the Water resistance of the layer. While 
3-isocyanate alkylalkoxysilane is highly reactive and loW in 
liquid stability, the nurate moiety can be easily dispersed in an 
aqueous liquid even though the nurate moiety is not Water 
soluble due to the polarity thereof, thereby making it possible 
to stably retain the liquid viscosity. Further, the Water resis 
tance of this l,3,5-tris(3-trialkoxysilylalkyl)isocyanurate is 
almost the same as that of 3-isocyanate alkylalkoxysilane. 
Further, the nurate moiety is not only Water-resistive but also 
useful, due to the polarity thereof, in inhibiting the Water 
soluble polymer having Si(ORl)4 and hydroxyl group from 
forming pores in the barrier layer. 

This l,3,5-tris(3-trialkoxysilylalkyl)isocyanurate can be 
manufactured through the thermal condensation of 3-isocy 
anate propylalkoxysilane, so that it may include 3-isocyanate 
alkylalkoxysilane employed as a raW material. The inclusion 
of this raW material hoWever Will not raise any problem. A 
more preferable example of the l,3,5-tris(3-trialkoxysilyla 
lkyl)isocyanurate is l,3,5-tris(3-trialkoxysilylpropyl)isocya 
nurate and a most preferable example of the l,3,5-tris(3 
trialkoxysilylalkyl)isocyanurate is 1,3, 5-tris(3 - 
trimethoxysilylpropyl)isocyanurate having the folloWing 
structural formula (3). 

structural formula (3) 
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This methoxy group is high in speed of hydrolysis and 

those containing propyl group are available at relatively loW 
cost, and, therefore, the compound having the aforemen 
tioned structural formula (3) is advantageous from a practical 
vieWpoint. 

Further, as for the organic functional group R2 of the gen 
eral formula (2), it is possible to preferably employ 3-glyci 
doxypropyl group or 2-(3,4-epoxycyclohexyl) group. Since 
these organic functional groups are capable, through hydroly 
sis, of forming hydrogen bond With the Si(ORl)4 of the gen 
eral formula (1) and With a Water-soluble polymer, it is pos 
sible to inhibit the generation of pores in the barrier layer and 
to enhance the Water resistance Without badly affecting the 
gas barrier properties of the gas barrier layer. 

HoWever, some of the aforementioned epoxy-based silane 
compounds may be a mutagenic compound. Further, When 
the organic functional group (R2) is vinyl and methacryloxy, 
it may require the irradiation of ultraviolet rays or an electron 
beam, thus often leading to an increase in manufacturing cost 
due to the increase in scale of installation or in manufacturing 
steps. When the organic functional group (R2) is ureido, the 
problem of speci?c smelling is raised. Further, When the 
organic functional group (R2) is isocyanate, the reactivity Will 
become so high that the pot life Will be short. In vieW of these 
problems, it seems more preferable to employ l,3,5-tris(3 
trialkoxysilylalkyl)isocyanurate as the aforementioned com 
ponent ii) of the present invention. 
The substrate to be employed in the present invention is 

formed of a resinous material, more preferably a transparent 
resinous material. Speci?c examples of such resinous mate 
rial include, for example, a ?lm of polyester such as polyeth 
ylene terephthalate (PET), polyethylene naphthalate (PEN), 
etc.; a ?lm of polyole?n such as polyethylene, polypropylene, 
etc.; a ?lm of polystyrene; a ?lm of polyamide such as 66-ny 
lon, etc.; a ?lm of polycarbonate; a ?lm of polyacrylonitrile; 
and a ?lm of engineering plastics such as a ?lm of polyimide, 
etc. These resinous materials may be either an orientated 
material or an unorientated material and should preferably be 
selected from those Which are excellent in mechanical 
strength and in dimensional stability. These resinous materi 
als are Worked into a ?lm-like con?guration before they are 
employed as a substrate. Especially, it is more preferable to 
employ these resinous materials as an oriented ?lm Which has 
been optionally biaxially stretched. Further, When these mate 
rials are to be employed as a packaging material, it Would be 
more preferable to employ polyamide ?lm and polyester ?lm, 
most preferably polyester ?lm When the cost, moisture resis 
tance, ?lling properties, aesthetic property and disposability 
are taken into consideration. 

With respect to the thickness of the substrate, although 
there is not any particular limitation, the thickness thereof 
should preferably be con?ned, in practical vieWpoint, Within 
the range of 3 to 200 pm, more preferably Within the range of 
6 to 30 pm When the suitability foruse as a packaging material 
as Well as the Workability thereof are taken into consideration. 

If necessary, various kinds of knoWn additives or stabiliZ 
ing agents such as an antistatic agent, a plasticiZer, a lubricant 
and an antioxidant may be applied to the surface of the sub 
strate. 

For the purpose of improving the adhesion, the surface of 
the substrate may be subjected to pre-treatments such as 
corona treatment, a plasma treatment, an oZone treatment, 
etc. Further, the surface of the substrate may be subjected to a 
chemical treatment, a solvent treatment, etc. In particular, the 
plasma treatment is preferable for the purpose of enhancing 
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the adhesion between the surface of the substrate and a vapor 
deposition layer of an inorganic compound to be superim 
posed thereon. 
As for the inorganic compound to be employed for forming 

the vapor deposition layer, it is possible to employ, for 
example, the oxides, nitrides and ?uorides of silicon, alumi 
num, titanium, zirconium, tin and magnesium as Well as the 
composites of these oxides, nitrides and ?uorides. 

This vapor deposition layer can be formed by means of a 
vacuum process such as a vacuum deposition method, a sput 
tering method, a plasma vapor-phase groWth method, etc. In 
particular, since aluminum oxide is colorless and transparent, 
is excellent in Water resistance in boiling/retort treatments, 
and is suited for use in various kinds of applications, the 
employment of aluminum oxide is more preferable. 

In this aluminum oxide, the abundance betWeen aluminum 
(Al) and oxygen (O) should preferably be con?ned Within the 
range ofAl:O:1:1.5-1:2.0. 
An aluminum oxide vapor deposition layer for example 

can be formed by means of reactive deposition, reactive sput 
tering or reactive ion plating Where the formation of thin ?lm 
is performed using aluminum as an evaporation source in the 
presence of a mixed gas comprising oxygen, carbon dioxide 
gas and an inert gas. On this occasion, When aluminum is to be 
reacted With oxygen, the ratio betWeen aluminum and oxygen 
(AlzO) is expected to be 1115 since the reaction product 
Would be, stoichiometrically, Al2O3. HoWever, depending on 
the kind of deposition method, aluminum may be partially 
permitted to exist as it is, or permitted to exist as aluminum 
peroxide. Thus, it Will be recognized from the measurement 
of the abundance of elements in the vapor deposition layer by 
making use of an X-ray photoelectron spectroscopic analyzer 
(ESCA) that the abundance betWeen aluminum and oxygen 
may not necessarily be Al:O:1:1.5. Generally speaking, 
When the ratio of oxygen is smaller and the ratio of aluminum 
is larger thanAl:O:1 : 1 .5, it is possible to obtain a ?lm ofhigh 
density and hence excellent in gas barrier properties. HoW 
ever, the resultant deposition ?lm may be colored black, thus 
the quantity of permeation of light tends to become smaller. 
On the contrary, When the ratio of oxygen is larger and the 
ratio of aluminum is smaller than Al:O:1:1.5, a ?lm of loW 
density and hence poor in gas barrier properties but high in 
quantity of permeation of light as Well as in transparency 
Would be obtained. 

Since the gas barrier laminate ?lm according to the present 
invention, Which is suited for boiling and retort sterilization 
treatments, is realized through a combination of the vapor 
deposition layer With the gas barrier covering layer 3 to be 
explained beloW, the abundance betWeen aluminum and oxy 
gen should preferably be Al:O:1 :1 .5-2.0. 

Although the thickness of the vapor deposition layer may 
differ more or less depending on the thickness of the gas 
barrier covering layer, it should preferably be con?ned Within 
the range of several tens of angstroms to 5000 angstroms. 
HoWever, if the thickness of the vapor deposition layer is 50 
angstroms or less, it Will give rise to a problem of continuity 
of the resultant thin ?lm. On the other hand, if the thickness of 
the vapor deposition layer exceeds over 3000 angstroms, 
cracks tend to be generated in the vapor deposition layer and 
the resultant vapor deposition layer Would become loW in 
?exibility. Therefore, the thickness of the vapor deposition 
layer should preferably be con?ned Within the range of 50 to 
3000 angstroms. 

It is possible, through the provision of a primer layer 
betWeen the substrate and the vapor deposition layer, to 
obtain a vapor deposition layer of an inorganic compound 
Which is excellent in uniformity and in gas barrier properties. 
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8 
Further, the provision of this primer layer is preferable in 
order to constantly secure excellent adhesion Without being 
in?uenced by the composition of the vapor deposition layer or 
by the abundance betWeen aluminum and oxygen. 
As for the material for the primer layer, it is possible to 

employ those Which contain, as a major component, an 
organic polymer to be derived from a tWo-liquid reaction 
betWeen polyols selected from the group consisting of acrylic 
polyol, polyvinyl acetal, polystil polyol, polyurethane polyol, 
etc. and an isocyanate compound; an urethane bond-contain 
ing organic compound to be derived from a reaction betWeen 
a polyisocyanate compound and Water; polyethylene imine or 
derivatives thereof; a polyole?n-based emulsion; polyimide, 
melamine; phenol; or inorganic silica such as organic modi 
?ed colloidal silica; and an organic silane compound such as 
silane coupling agent or hydrolyzate thereof. Especially, it is 
preferable to employ a combination of compounds consisting 
of acrylic polyol, an isocyanate compound and a silane cou 
pling agent. When a primer layer composed of this combina 
tion is employed, it is possible to realize stable and more 
excellent adhesion betWeen the substrate and the vapor depo 
sition layer. 

Generally, the coating of the primer layer should preferably 
be performed such that the thickness of the primer layer after 
being dried is con?ned Within the range of 0.005 to 5 pm, 
more preferably 0.01 to 1 pm. If the thickness of the primer 
layer is less than 0.01 pm, it may become dif?cult to obtain a 
uniform ?lm in vieW of the current coating technique. On the 
other hand, even if the thickness of the primer layer is 
increased to exceed over 1 um, it Would be uneconomical. 

If Si(ORl)4 is calculated as SiO2 and if R2Si(OR3)3 is 
calculated as R2Si(OH)3, the solid matter of R2Si(OH)3 
should preferably be con?ned Within the range of 1-50 Wt % 
based on the total Weight of solid matters. If the solid matter 
of R2 Si(OR3 )3 is con?ned Within the aforementioned range, it 
is possible to obtain a gas barrier covering layer Which is 
excellent in Water resistance Which Will not deteriorate even if 
the gas barrier covering layer is subjected to a severe treat 
ment such as boiling and retort sterilizing treatments. If the 
ratio of the solid matter of R2Si(OR3 )3 is less than 1 Wt %, the 
gas barrier covering layer tends to become poor in Water 
resistance. If the ratio of the solid matter of R2Si(OR3)3 
exceeds 50 Wt %, the functional group Would be turned into 
pores in the gas barrier covering layer, thereby possibly 
degrading the gas barrier properties of the gas barrier cover 
ing layer. In order to secure a su?icient Water resistance to 
Withstand boiling and retort sterilizing treatments and to fur 
ther improve the gas barrier properties of the gas barrier 
covering layer, the solid matter of R2Si(OR3)3 should be 
con?ned Within the range of 5-30 Wt % based on the total 
Weight of solid matters. 
When Si(ORl)4 is calculated as SiO2 and R2Si(OR3)3 is 

calculated as R2Si(OH)3, as long as the mixing ratio, based on 
Weight, of solid matters, i.e. SiO2/(R2Si(OH)3/Water-soluble 
polymer), is con?ned Within the range of 100/100 to 100/30, 
it is possible to provide the gas barrier covering layer With a 
suf?cient Water resistance to Withstand boiling and retort 
sterilizing treatments and With excellent gas barrier proper 
ties, and, at the same time, it is possible to preferably provide 
the gas barrier covering layer With a su?iciently high ?exibil 
ity as it is employed as a packaging material. 
As for the Water- soluble polymer having hydroxyl group to 

be included in the gas barrier covering layer of the present 
invention, it Would be preferable to employ polyvinyl alcohol, 
starch and cellulose. Especially, When polyvinyl alcohol 
(hereinafter referred to as PVA) is employed in a coating 
agent of the present invention, it Would be possible to realize 
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most preferable gas barrier properties. Because, since PVA is 
a polymer containing a largest number of hydroxyl groups in 
the monomer unit, it is capable of providing very strong 
hydrogen bond With the hydroxyl group of metal alkoxide 
Which has been hydrolyzed. Herein, PVA is intended to mean 
those that can be obtained generally through the saponi?ca 
tion of polyvinyl acetate, so that the scope of PVA includes 
not only so-called partially saponi?ed PVA Where several 
tens of % of acetate group is left remained but also completely 
saponi?ed PVA Where only several % of acetate group is left 
remained. With respect to the molecular Weight of PVA, 
although there are knoWn various degree of polymeriZation 
ranging from 300 to several thousands, it is possible to 
employ any of them. HoWever, it is generally preferable to 
employ PVA of high molecular Weight Which is relatively 
high in saponi?cation and in degree of polymerization, 
because such a PVA is excellent in Water resistance. 

With respect to the method of hydrolyZing Si(OR1)4, it can 
be performed using an acidic or basic catalyst, alcohol and 
Water as generally knoWn. HoWever, the hydrolysis by mak 
ing use of an acid is more preferable, since it can be easily 
controlled. In this case, in order to further control the hydroly 
sis, it is possible to additionally employ catalysts Which are 
generally knoWn, such as tin chloride, acetyl acetonate, etc. 

With respect to the mixing manner of the coating solution, 
the hydrolyZed Si(OR1)4, the Water-soluble polymer having 
hydroxyl group, and R2Si(OR3)3 can be mixed in any order 
Without deteriorating the effects of the present invention. If 
R2Si(OR3)3 is not dispersed in the coating solution even after 
the mixing thereof and permitted to exist in the form of oily 
particle, the R2Si(OR3)3 should preferably be subjected to 
hydrolysis, thereby enabling the R2Si(OR3)3 to ?nely dis 
perse in the coating solution. It is preferable, in vieW of 
realiZing ?ne dispersion of SiO2 and enhancing the hydrolyZ 
ing e?iciency of Si(ORl)4, to separately hydrolyZe the 
Si(ORl)4 and the R2Si(OR3)3 before they are incorporated 
into the Water-soluble polymer. 
As long as the gas barrier properties and Water resistance of 

the coating solution is not hindered, various kinds of additives 
such as an isocyanate compound, colloidal silica, clay min 
eral such as smectite, a stabiliZer, a coloring agent, a viscosity 
modi?er, etc., may be incorporated into the coating solution 
for forming the gas barrier covering layer While taking into 
consideration the adhesion of the gas barrier covering layer to 
ink and adhesive agent, the Wettability, and the prevention of 
cracking due to shrinkage. 

Although there is not any particular limitation With respect 
to the thickness of the gas barrier covering layer after the 
drying thereof, the thickness of the gas barrier covering layer 
should preferably be con?ned Within the range of 0.01 to 50 
um since if the thickness is increased exceeding over 50 um, 
there Would be much possibility of generating the cracks 
thereof. 

As for the method of forming the gas barrier covering layer 
3, it is possible to employ ordinary coating methods. For 
example, it is possible to employ a dipping method, roll 
coating, gravure coating, reverse coating, air knife coating, 
comma coating, die coating, a screen printing method, spray 
coating, gravure offset method, etc. By making use of any of 
these methods, the gas barrier covering layer 3 can be formed 
on the vapor deposition layer. 
As for the method of drying the gas barrier covering layer, 

it is possible to employ any kind of method Which is capable 
of applying heat to the gas barrier covering layer to remove 
Water molecule such as hot air drying, hot roll drying, high 
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10 
frequency irradiation, infrared irradiation, UV irradiation, 
etc., these methods may be used in any combination of tWo or 
more. 

When a heat seal layer is formed on the gas barrier covering 
layer of the present invention, it is possible to provide a 
packaging material Which is highly practical. The heat seal 
layer is usually utiliZed at the adhesion portion on the occa 
sion of forming a pouch-like package and can be formed 
using, for example, polyethylene, polypropylene, ethylene 
vinyl acetate copolymer, ethylene-methacrylic acid copoly 
mer, ethylene-methacrylate copolymer, ethylene-acrylic acid 
copolymer, ethylene-acrylate copolymer, and a metal 
crosslinked substance of these resins. Although the thickness 
of the heat seal layer may be optionally selected according to 
the object desired, it may generally range from 15 to 200 um. 
Further, depending on the con?guration of the package, the 
heat seal layer may be provided on the substrate side. 
As for the method of forming the heat seal layer, it is 

possible to employ knoWn laminating methods such as a dry 
laminate method Wherein a ?lm-like material consisting of 
any one of the aforementioned resins is bonded together by 
making use of a tWo-liquid curing type urethane adhesive 
non-solvent dry laminate method Wherein a non-solvent 
adhesive is utiliZed, an extrusion laminate method Wherein 
any one of the aforementioned resins is thermally melted and 
extruded in a form of sheet Which is then bonded together, etc. 

A relaxation layer consisting of oriented nylon, oriented 
polyester, oriented polypropylene, etc. can be interposed 
betWeen the heat seal layer and the gas barrier covering layer. 
It is possible, through the provision of this relaxation layer, to 
further enhance the pin-hole resistance, shock resistance and 
heat resistance of the laminate ?lm. 

If required, a printing layer may be laminated on the gas 
barrier covering layer. Alternatively, plural kinds of resins 
may be laminated through adhesives. Further, these printing 
layer, heat seal layer, plural kinds of resins accompanying an 
adhesive may be applied also to the reverse surface of sub 
strate Which is opposite to the gas barrier covering layer. 

Next, the gas barrier laminate of the present invention Will 
be further explained With reference to speci?c examples. 

EXAMPLES 1-8 

A biaxially oriented PET (P60; Toray Co., Ltd.) having a 
thickness of 12 um and a corona-treat surface Was employed 
as a substrate and aluminum Was thermally deposited on the 
corona-treat surface by means of electron beam heating sys 
tem using an aluminum evaporation source. In this case, the 
evaporation of aluminum Was adjusted While introducing 
oxygen gas so as to obtain a prescribed ?lm composition, 
thereby forming an aluminum oxide vapor deposition layer 
having a thickness of 150 angstroms. 
The ?lm composition of the aluminum oxide vapor depo 

sition layer comprising aluminum and oxygen Was measured 
by making use of an X-ray photoelectron spectroscopic ana 
lyZer (ESCA) (JPS-90SXV; Nippon Denshi Co., Ltd.) and 
according to Depth Pro?ling method using argon etching, 
thereby adjusting and obtaining the ?lm composition as fol 
loWs. 

Examples 1-5, 8, Comparative Example; Al:O = 1:1.8 
Example 6; Al:O =1:1.0 
Example 7; Al:O = 1:2.2 
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Coating solutions (A)-(E) Which Were adjusted according 
to the following method Were mixed at the folloWing ratios to 
prepare coating solutions. Then, by making use of a bar 
coater, these coating solutions Were respectively coated on 
the upper surface of one of the aforementioned aluminum 
oxide vapor deposition layers and dried for one minute at a 
temperature of 120° C. by means of drying apparatus to form 
a gas barrier covering layer having a thickness of about 0.3 
pm, thereby obtaining a gas barrier laminate ?lm having the 
same construction as shoWn in FIG. 1. 

Solutions for gas barrier covering layer: 
(A): A hydrolyzed solution containing 5% (Weight ratio, 

calculated as SiO2) of solid matters, Which Was obtained from 
a process Wherein 17.9 g of tetraethoxy silane (Si(OC2H5)4, 
hereinafter referred to as TEOS), 10 g of methanol and 72.1 g 
of hydrochloric acid (0.1 N) Were mixed together and stirred 
for 30 minutes to perform hydrolysis. 

(B): 5% (Weight ratio) of polyvinyl alcohol, and an aque 
ous solution of Water/methyl alcohol:95/ 5 (Weight ratio). 

(C): A hydrolyzed solution containing 5% (Weight ratio, 
calculated as R2Si(OH)3) of solid matters, Which Was 
obtained from a process Wherein hydrochloric acid (0.1N) 
Was gradually added to [3-(3,4-epoxycyclohexyl)trimethoxy 
silane and isopropyl alcohol (IPA solution) and stirred for 30 
minutes to perform hydrolysis, after Which the hydrolysis 
using a Water/IPA:1/1 solution Was performed. 

(D): A hydrolyzed solution containing 5% (Weight ratio, 
calculated as R2Si(OH)3) of solid matters, Which Was 
obtained from a process Wherein hydrochloric acid (0.1 N) 
Was gradually added to y-glycidoxypropyltrimethoxy silane 
and IPA solution and stirred for 30 minutes to perform 
hydrolysis, after Which the hydrolysis using a Water/IPA:1/1 
solution Was performed. 

(E): A solution containing 5% (Weight ratio, calculated as 
R2Si(OH)3) of solid matters, Which Was obtained by diluting 
1,3,5-tris(3-methoxysilylpropyl)isocyanurate With a Water/ 
IPA:1/1 solution. 

(F): A hydrolyzed solution containing 5% (Weight ratio, 
calculated as R2Si(OH)3) of solid matters, Which Was 
obtained from a process Wherein hydrochloric acid (0.1 N) 
Was gradually added to vinyltrimethoxy silane and IPA solu 
tion and stirred for 30 minutes to perform hydrolysis, after 
Which the hydrolysis using a Water/IPA:1/1 solution Was 
performed. 

The mixing ratio of components in a coating solution for 
the gas barrier covering layer: 

A: SiO2 solid matter of TEOS (reduced value) 
B: PVA solid matter 

C: R2Si(OH)3) solid matter (reduced value) of [3-(3,4-ep 
oxycyclohexyl)trimethoxy silane 

D: R2Si(OH)3) solid matter (reduced value) of y-glycidox 
ypropyltrimethoxy silane 

E: R2Si(OH)3) solid matter (reduced value) of 1,3,5-tris(3 
methoxysilylpropyl)isocyanurate 

F: R2Si(OH)3) solid matter (reduced value) of vinyltri 
methoxy silane 

The mixing ratio is all based on Weight ratio of solidmatter. 
Examples 1, 6 and 7 - - - A/B/CI70/20/10 

Example 2 - - -A/B/D:70/20/10 

Example 3 - - -A/B/F:70/20/10 

Example 4 - - -A/B/C:20/20/60 

Example 5 - - -A/B/C:90/5/5 

Example 8 - - -A/B/E:100/20/10 

Comparative Example 1 - - - A/B/CI70/30/0 

By making use of a laminator and a polyurethane-based 
adhesive (A515/A50; Takeda Yakuhin Industries Co., Ltd.), 
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12 
an oriented nylon having a thickness of 15 um (ONMB-RT; 
Yunichika Co., Ltd.) Was laminated on the gas barrier cover 
ing layer of the gas barrier laminate ?lm thus obtained. Then, 
by making use of a polyurethane-based adhesive (A515/A50; 
Takeda Yakuhin Industries Co., Ltd.), unoriented polypropy 
lene (heat sealing layer) having a thickness of 70 um (RXC 
18; Tocelo Co., Ltd.) Was laminated on this oriented nylon to 
prepare a packaging ?lm as shoWn in FIG. 3. 

As shoWn in FIG. 3, the packaging ?lm thus obtained Was 
constituted by an aluminum oxide vapor deposition layer 2, a 
gas barrier covering layer 3, an oriented nylon layer 5 having 
an underlying adhesive layer (not shoWn), and a heat seal 
layer 6 having an underlying adhesive layer (not shoWn), 
Which Were laminated, in the mentioned order, on the surface 
of substrate 1. 

By making use of this packaging ?lm thus prepared, a 
pouch having sealed four sides Was prepared. Then, the pouch 
Was ?lled With Water as a content. Thereafter, the pouch Was 

subjected to retort sterilization treatment for 30 minutes at a 

temperature of 121° C. to measure oxygen transmittance 
before and after the retort treatment under an atmosphere of 
30° C. in temperature and 70% in relative humidity by making 
use of an oxygen transmittance-measuring apparatus (OXT 
RAN-2/ 20; Modern Control Co., Ltd.). Further, this lami 
nated packaging ?lm Was cut to obtain samples each having a 
Width of 15 mm. Then, by making use of Tensiron (tension 
tester; Orientech Co., Ltd.), the 90° peeling Was performed 
and the peeling strength of these samples before and after the 
retort sterilization treatment Was determined at a peeling 

speed of 300 mm/min and under an atmosphere of 23° C. in 
temperature and 65% in relative humidity. Further, the sealed 
portion of the pouch Was bent 180 degrees after the retort 
sterilization treatment to visually observe the state of delami 
nation betWeen the sealant layer and the vapor deposition 
layer 2. 

Criterion of visual assessment: 

0: Delamination Was not recognized 

><: Delamination Was partially generated 

The results are shoWn in Table 1. 

EXAMPLE 9 

A packaging ?lm Was prepared in the same manner as in 

the case of Example 1 except that, instead of forming the 
aluminum oxide vapor deposition layer, a silicon oxide vapor 
deposition layer having a thickness of 400 angstroms Was 
formed by using a silicon oxide evaporation source, and by 
thermally evaporating the silicon oxide by means of electron 
beam heating system While introducing oxygen gas so as to 
adjust the composition ratio of Si:O to 1:1.6, and that the 
mixing ratio of components, i.e. A/B/C, of the coating liquid 
for the gas barrier covering layer Was set to 70/ 20/ 10. 

In the same manner as described above, the packaging ?lm 
thus obtained Was then tested to measure the oxygen trans 

mittance and the peeling strength before and after the retort 
sterilization treatment, and further, the packaging ?lm Was 
subjected to a 180-degree bending test. 

The results obtained are shoWn in the folloWing Table 1. 
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TABLE 1 

Before retort After retort 
Film treatment treatment 

composition Mixing ratio Transmit- Laminate Transmit- Laminate External 

Samples Al O A B C D E F tance strength tance strength appearance 

Ex. 1 1 1.8 70 20 10 i i i 0.3 6.4 0.8 5.2 0 

Ex. 2 1 1.8 70 20 i 10 i i 0.3 6.2 0.7 5.0 0 

Ex. 3 1 1.8 70 20 i i 10 0.3 6.2 1.2 4.8 0 

Ex. 4 1 1.8 20 20 60 i i i 0.3 6.5 1.8 3.2 0 

Ex. 5 1 1.8 90 5 5 i i i 0.3 4.5 1.7 4.2 0 

Ex. 6 1 1.0 70 20 10 i i i 0.3 4.0 0.7 3.1 0 

Ex. 7 1 2.2 70 20 10 i i i 1.4 6.8 2.5 6.2 0 

Ex. 8 1 1.8 100 20 i i 10 i 0.3 6.5 1.5 4.8 0 

Ex. 9 1 1.6 70 20 10 i i i 0.3 5.8 1.0 4.2 0 

Comp. 1 1.8 70 30 i i 0.3 6.2 5.8 1.2 x 

Ex. 1 

20 
Mixing ratio: Weight ratio of solid matters 
Transmittance: Oxygen transmittance (cm3/m2 day-atm) 
Laminate strength: Laminate strength N/ 15 mm Width 
It Will be recognized from Table 1 that the packaging ?lms 

obtained from the aforementioned Examples 1-9 and Com 
parative Example 1 Were all satisfactory in oxygen barrier 
property and adhesion before the retort sterilization treat 
ment. However, after the retort sterilization treatment, the 
packaging ?lm of Comparative Example 1 Was found poor in 
oxygen barrier property due to loW Water resistance of the gas 
barrier covering layer 3. Further, the packaging ?lm of Com 
parative Example 1 Was loW in adhesion and the external 
appearance thereof Was also poor since partial peeling of the 
packaging ?lm Was observed. Whereas, With respect to the 
samples of Examples 1-9, they Were found excellent in oxy 
gen barrier property and adhesion, and the external appear 
ance thereof Was also excellent. 

EXAMPLE 10 

A biaxially oriented PET (P60; Toray Co., Ltd.) having a 
thickness of 12 um and a corona-treat surface Was employed 
as a substrate and aluminum Was thermally deposited on the 
corona-treat surface by means of electron beam heating sys 
tem using an aluminum evaporation source. In this case, the 
evaporation of aluminum Was adjusted While introducing 
oxygen gas so as to obtain a prescribed ?lm composition of: 
Al:O:1 :1 .8, thereby forming an aluminum oxide vapor depo 
sition layer having a thickness of 150 angstroms. 
The same kind of coating liquid for the gas barrier covering 

layer as employed in Example 1 Was coated, by means of 
gravure coating method, on the upper surface of the afore 
mentioned deposition layer and dried to create a gas barrier 
covering layer having a dried ?lm thickness of 0.3 pm, 
thereby obtaining a gas barrier laminate ?lm of Example 10 as 
shoWn in FIG. 1. 

Further, the same kind of coating liquid for the gas barrier 
covering layer Which Was prepared according to the same 
method as that of Comparative Example 1 Was coated, by 
means of gravure coating method, on the surface of the vapor 
deposition layer and dried to create a gas barrier covering 
layer having a dried ?lm thickness of 0.3 um, thereby obtain 
ing a gas barrier laminate ?lm of Comparative Example 2 
having the same structure as shoWn in FIG. 1. 
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In the same manner as in Example 1, an oriented nylon 
layer and a sealant layer Were formed on the surface of the gas 
barrier covering layer of each of the gas barrier laminate ?lms 
of Example 10 and Comparative Example 2, thereby manu 
facturing packaging ?lms each having the same structure as 
shoWn in FIG. 3. 

The peeling strength of each of the packaging ?lms of 
Example 10 and Comparative Example 2 prepared as 
described above Was measured. These laminated packaging 
?lms Were respectively cut to obtain samples each having a 
Width of 15 mm. Then, in the same manner as described in 
Example 1, the 90° peeling test Was perfonned. Further, While 
dropping a little quantity of city Water onto a peeling interface 
betWeen the vapor deposition layer 2 and the sealant layer, the 
peeling strength Was measured in the same manner as 
described above, the results being illustrated in Table 2. 
The 90° peeling test Was also performed in the same man 

ner as described above on the packaging ?lm having the same 
structure as that of Example 8. The results obtained are also 
shoWn in the folloWing Table 2. 

TABLE 2 

Laminate strength 

Water Was Water Was 

Samples not dropped dropped 

Ex. 8 6.5 3.5 
Ex. 10 6.4 4.5 
Comp. 1.2 0.2 
Ex. 1 

EXAMPLES 11-15 

A PET ?lm having a thickness of 12 um and a corona-treat 
surface Was employed as a substrate and the folloWing coat 
ing liquid (G) for a primer layer Was coated, by means of 
gravure coater, on the corona-treated surface so as to form a 
primer layer having a thickness of 0.1 pm. 

(G): A solution prepared by mixing acrylic polyol and 
triidyl isocyanate in such a Way that the OH group of the 
acrylic polyol became equivalent to NCO group to obtain a 
mixture Which Was diluted With ethyl acetate so as to include 
5 Wt % of solid matter in total and then, 5 Wt % (based on the 
total solid matters) of [3-(3,4-epoxycyclohexyl)trimethoxy 
silane Was added to the mixture, thus obtaining the solution. 
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In the same manner as in Example 1, an aluminum oxide 

vapor deposition layer Was formed on the primer layer. Fur 
ther, the aforementioned coating solutions (A)-(E) Were 
mixed according to the following compositions to prepare 
coating solutions. Then, by making use of a bar coater, these 
coating solutions Were respectively coated on the upper sur 
face of the aluminum oxide vapor deposition layer and dried 
for one minute at a temperature of 1200 C. by means of drying 
apparatus to form a gas barrier covering layer having a thick 
ness of about 0.3 pm, thereby obtaining a gas barrier laminate 
?lm having the same construction as shoWn in FIG. 2. 

The mixing ratio of the components in a coating liquid for 
the gas barrier covering layer: 

The mixing ratio is all based on Weight ratio of solidmatter. 

16 
shoWn), and a heat seal layer 6 having an underlying adhesive 
layer (not shoWn), Which Were laminated, in the mentioned 
order, on the surface of substrate 1. 
By making use of the packaging ?lm thus obtained, a 

pouch Was prepared in the same manner as in Example 1. 
Further, in the same manner as in Example 1, the oxygen 
transmittance before and after the retort treatment Was deter 
mined and at the same time, the 90° peeling test Was also 
performed to determine the peeling strength. 
The results obtained are shoWn in the folloWing Table 3. 
The measurement of oxygen transmittance before and after 

the retort treatment and 90° peeling test Was also performed in 
the same manner as described above on the packaging ?lm 
having the same structure as that of Example 8. The results 
obtained are also shoWn in the folloWing Table 3. 

TABLE 3 

Before retort 
treatment After retort treatment 

Mixing ratio 02 O2 Laminate Water 

Samples A B C D E F transmittance transmittance strength resistance 

Ex. 8 100 20 10 0.3 0.6 6.5 3 
Ex. 11 70 20 10 i i 0.3 0.6 6.6 3 

Ex. 12 70 20 i 10 i 0.3 0.5 6.4 3 

Ex. 13 70 20 i i 10 0.3 1.0 7.2 3 

Ex. 14 20 20 60 i i 0.3 2.0 4.8 3 

Ex. 15 90 5 5 i i 0.3 1.7 5.2 2 

Comp. 70 30 i 0.3 3.1 6.8 1 

Ex. 3 

Example 11 - - - A/B/CI70/20/ 10 It Will be recogniZed from Table 3 that as compared With 

Example 12 - - - A/ B/ 13:70/ 20/ 10 3 5 the gas barrier laminate ?lms obtained in Examples 8, 11-15, 
Example 13 - - - A/B/EI70/20/ 10 

Example 14 - - - A/B/CI20/20/60 

Example 15 - - - A/B/CI90/5/5 

Comparative Example 3 - - - A/B:70/30 

By making use ofan oil pen (black), a square of3 cm><3 cm 40 
Was draWn on the surface of the gas barrier covering layer of 
the gas barrier laminate ?lm and the interior of the square Was 
entirely painted. Then, the surface of the covering layer 3 Was 
turned upWard and the four sides of the laminate Was ?xed by 
means of a mount, and then the gas barrier laminate ?lm Was 
subjected to a retort treatment for 30 minutes at a temperature 
of 1210 C. After ?nishing this retort treatment, the state of the 
oil pen (black) on the surface of the gas barrier covering layer 
3 Was visually observed to evaluate the Water resistance of the 
gas barrier covering layer. The results thus obtained are 
shoWn in the folloWing Table 3. 

Criterion of visual assessment: 
1: The surface of the gas barrier covering layer Was dis 

solved so that there Was no residual ink on the surface of the 
gas barrier covering layer 

2: Part of the ink Was permitted to remain on the surface of 
the gas barrier covering layer 

3: The ink Was permitted to entirely remain on the surface 
of the gas barrier covering layer 

Further, by making use of the gas barrier laminate ?lm thus 
obtained, a packaging ?lm Was manufactured in the same 
manner as in Example 1. 

The packaging ?lm thus obtained is shoWn in FIG. 4. 
As shoWn in FIG. 4, the packaging ?lm thus obtained Was 

constituted by a primer layer 4, an aluminum oxide vapor 
deposition layer 2, a gas barrier covering layer 3, an oriented 
nylon layer 5 having an underlying adhesive layer (not 
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the gas barrier laminate ?lm obtained in Comparative 
Example 3 Was easily dissolved in the retort treatment since 
the gas barrier covering layer Was formed of a single ?lm. 
Whereas, the gas barrier covering layers of the gas barrier 
laminate ?lms of Examples 8, 11-15 Were found indissoluble 
in the retort treatment since the gas barrier covering layers 
Were improved in Water resistance. Further, While the ?lm of 
Comparative Example 3 Was caused to deteriorate in oxygen 
transmittance after the retort treatment, the gas barrier lami 
nate ?lms of Examples 8, 11-15 Were prevented from gener 
ating pores therein, thus indicating excellent gas barrier prop 
erties before the retort treatment, and, even after the retort 
treatment, the excellent gas barrier properties Were kept 
retained Without substantially indicating any deterioration. 
Further, it Was found that the laminate strength of these gas 
barrier laminate ?lms Was not caused to deteriorate at all by 
the retort treatment. 

According to the present invention, it is possible to provide 
a packaging material Which is excellent in gas barrier prop 
erties, is capable of retaining excellent gas barrier properties 
even after the boiling/retort sterilization treatments, is 
capable of manufacturing a gas barrier ?lm excellent in adhe 
sion, and is capable of enabling to perform post Workings 
such as printing, dry laminating, melt extrusion laminating 
and hot press laminating, thereby making the packaging 
material practically useful in a Wide ?eld of applications such 
as in the packaging of foodstuffs, and retort foodstuffs, as 
Well as non-foodstuffs such as medicine and electronic 

articles. 
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What is claimed is: 
1. A gas barrier laminate ?lm comprising: a resin substrate; 
a gas barrier vapor deposition layer formed on the resin 

substrate and mainly containing an inorganic com 
pound; and 

a gas barrier covering layer formed on the gas barrier vapor 
deposition layer; 

Wherein the gas barrier covering layer is formed through 
the coating, and drying of a coating liquid Which com 
prises: 

one of materials selected from a silicon compound repre 
sented by a general formula of Si(ORl)4 . . . (1) and the 
hydrolyZates thereof; 

one of materials selected from a silicon compound repre 
sented by a general formula of (R2Si(OR3)3)n . . . (2) and 
the hydrolyZates thereof (wherein R1 and R3 are indi 
vidually CH3, CZH5 or C2H4OCH3; and R2 is an organic 
functional group consisting of isocyanate); and 

a Water-soluble polymer having hydroxyl group. 
2. The gas barrier laminate ?lm according to claim 1, 

Wherein the inorganic compound is transparent. 
3. The gas barrier laminate ?lm according to claim 2, 

Wherein the inorganic compound is aluminum oxide. 
4. The gas barrier laminate ?lm according to claim 3, 

Wherein the aluminum oxide is selected from those Where the 
ratio betWeen aluminum and oxygen is con?ned Within the 
range of: Al:O:1:1.5-1:2.0. 
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5. The gas barrier laminate ?lm according to claim 1, 

Wherein the hydrolyZable group (R1) of the general formula 
Si(ORl)4. . . (1) is C2H5. 

6. The gas barrier laminate ?lm according to claim 1, 
Wherein When Si(ORl)4 is calculated as SiO2 and When R2Si 
(OR3)3 is calculated as R2Si(OH)3, the solid matter of R2Si 
(OH)3 is con?ned Within the range of 1 -50 Wt % based on the 
total Weight of solid matters. 

7. The gas barrier laminate ?lm according to claim 1, 
Wherein the general formula ((R2Si(OR3)3)n . . . (2) is a trimer 
1,3,5-tris(3-trialkoxysilylalkyl)isocyanurate to be repre 
sented by the general formula: (OCN-R“Si(OR3)3)3 (Wherein 
R4 is (CH2)n, n is 1 or more). 

8. The gas barrier laminate ?lm according to claim 1, 
Wherein When Si(ORl)4 is calculated as SiO2 and R2Si(OR3)3 
is calculated as R2Si(OH)3, the mixing ratio, based on Weight, 
of solid matters, i.e. SiO2/(R2Si(OH)3+Water-soluble poly 
mer), is con?ned Within the range of 100/100 to 100/30. 

9. The gas barrier laminate ?lm according to claim 1, 
Wherein a primer layer comprising acrylic polyol, isocyanate 
and a silane coupling agent is interposed betWeen the sub 
strate and the inorganic vapor deposition layer. 

10. The gas barrier laminate ?lm according to claim 1, 
Wherein a heat seal layer is further disposed on the gas barrier 
covering layer. 


